in/589628 

WP6 Rec'<fPCf/PTO Ig AUG 2006 

095309. 58118US 
Marked -Up Version 

DaimlcrChryalGr AG 



Method 




operating an 


active 


ehaaois 


syotem 


METHOD 


FOR 


OPERATING AN 


ACTIVE 


CHASSIS 


SYSTEM 



This application is a National Phase of 

PCT/EP2004/011313, filed October 9, 2004, and claims the 
priority of DE 10 2004 007 549.2, filed February 17, 
2004, the disclosures of which are expressly incorporated 
by reference herein. 

BACKGROUND AND SUMMARY OF THE INVENTION 

The present invention relates to a method for operating 
an active chassis system. 

Patent DE 38 44 803 CI discloses an active chassis system 
whose support assemblies can be used to set a targeted 
change in the supporting forces. When deviations occur in 
the rolling angles and pitching angles in relation to the 
respective desired values, changes in the supporting 
forces and associated wheel contact forces are changed 
actively. Furthermore, the support assemblies provide the 
possibility of selectively counteracting, at individual 
wheel suspension means, wheel movements which adversely 
affect the ground grip of the wheels. 

G o rman — laid open — patent — application DE 3 7 0 5 52 0 Al 
discloses a control unit for influencing the wheel 
contact forces of a vehicle which automatically reduces 
a deviation of the vehicle from the course predefined by 
a steering wheel lock. 

With — rcopcct — fee — fehe — above , — fe4*e An object of the present 
invention is to permit a change in travel direction by 



actively changing the wheel contact forces of the vehicle 
in further driving situations. 

This object [[is]] has been achieved by mcano — e# a method 
having the fcQturco of claim 1. 

^Phe — method — according — fee — trhe — invention — is — defined — fey — the 
fact — that on which a desired yaw rate is determined from 
the information of a device arranged in the vehicle for 
the purpose of determining the profile of the roadway in 
a control unit, and the wheel contact forces are set as a 
function of the desired yaw rate. The relationship 
between the desired yaw rate, i.e._^ a desired yaw rate 
and the wheel contact forces, is described by means of a 
characteristic curve or a calculation model. 

The device for determining the profile of the roadway 
senses, for example, the profile of the road, road 
markings, boundary posts, obstacles or other road users. 
This information is used as a basis for calculating a 
desired yaw rate. The device for determining the profile 
of the road can be implemented, for example, as an 
optical camera for detecting the environment or as a 
radar device . 

The desired yaw rate is preferably calculated in a 
control unit which actuates actuating elements which 
interact with the support assemblies. This control unit 
can also be combined with other control units, for 
example a control unit for an electronic stability 
program (ESP) . By actuating the actuating elements_^ -it — is- 
poooiblc — fee — sefe unequal contact forces can be set at the 
wheels of an axle, unequal side forces also occurring at 
the wheels. As a result, a resulting side force acts on 
the axle so that a yaw moment which acts at the center of 
gravity of the vehicle is produced. This method 
advantageously changes the direction of travel of the 



vehicle without the driver's intervention, during which 
process no disruptive reaction moments occur at the 
steering wheel . 

In a further refinement of the invention, the desired yaw 
rate is calculated as a function of a velocity and/or a 
yaw rate. In order to determine the desired yaw rate, it 
is necessary not only to have information from the device 
for determining the profile of the roadway but also 
information about the current travel state which is 
described by means of the velocity, the yaw rate and the 
steering wheel angle. This information is advantageously 
made available to the control unit by mcano — e# a data 
bus. When the vehicle deviates from a desired course 
[[owing]] due to interference influences, the desired yaw 
rate which is to be set by means — e# the actuating 
elements depends on the velocity of the vehicle. To the 
same degree, the steering wheel angle is necessary to 
correct the direction of travel of the desired direction 
of travel predefined by the driver by [ [means] ] way of a 
steering wheel. The information about the current travel 
state permits the direction of travel of the vehicle to 
be influenced in a reliable and convenient fashion. 

In a further refinement of the invention, a desired 
course is calculated from the information from the device 
for determining the profile of the roadway. The motor 
vehicle is guided along the desired course by actuating 
the actuating elements. The device for determining the 
profile of the roadway senses information about the 
environment such as side strips or median strips, lane 
boundary markers such as crash guard rails or road posts. 
A virtual desired course is determined from the profile 
of the roadway and the vehicle is guided along this 
desired course by changing the wheel contact forces by 
actuating the actuating elements. 



In a still further refinement of the invention, the 
device for determining the profile of the roadway detects 
a deviation of the direction of travel of the vehicle 
from the direction of travel predefined by the driver and 
is compensated by actuating the actuating elements. These 
deviations can have numerous causes such as side wind, 
lateral inclination of the roadway or track grooves. 
Alternatively, or in addition to the device for 
determining the profile of the roadway, a deviation in 
the direction of travel of the vehicle from the direction 
of travel predefined by the driver can also be detected 
by evaluating wheel speed differences, steering angles 
and/or steering torques. The deviations are 
advantageously compensated by changing the wheel contact 
forces without the driver feeling disruptive feedback at 
the steering wheel . 

In a further refinement of the invention, an obstacle is 
detected by means — e# the device for determining the 
profile of the roadway and is avoided by actuating the 
actuating elements. As soon as the device for determining 
the profile of the roadway detects an obstacle, a desired 
yaw rate is calculated. The actuating elements are 
actuated as a function of the desired yaw rate and an 
obstacle is avoided. The necessary data such as distance 
from and dimensions of the obstacle which are necessary 
to calculate the desired yaw rate can be supplied, for 
example, by a radar device or an optical camera. 

In a yet further refinement of the invention, when 
straight -ahead travel is detected by means — e# the device 
for determining the profile of the roadway and when there 
is steering torque which is permanently present, the 
actuating elements are actuated in ouch a way so that the 
steering torque is reduced while the direction of travel 

is maintained. With this method_j^ -tfc ts — poaoiblc — fee 

compcnaatc certain fabrication tolerances or even slight 



changes in the axle geometry owing to damage by changes 

in the wheel contact forces-? i^i — ouch — a — way can be 

compensated so that the steering torque is reduced for 
straight -ahead travel, or is at best zero. 

The system which comprises the device for determining the 
profile of the roadway and a steering torque measuring 
device detects that in the case of straight -ahead travel 
a continuous steering torque is present. By 
correspondingly changing the wheel contact forces^ the 
steering torque ideally becomes zero so that the vehicle 
is made to travel straight ahead without steering torque. 
The straight -ahead travel can alternatively also be 

detected by means e# a satellite-supported locating 

system such as GPS (Global Positioning System) . 

In addition to or as a simple alternative to the device 
for determining the profile of the roadway^ -i-fe — is — also 

possible fee relieve the driver can be relieved of 

continuous steering torque even via a steering torque 
measuring device and/ or a steering angle sensor. For 
example, by virtue — e# an evaluation of the steering 
torque over a relatively long time period irfe — irS — posoiblc 
to can detect that the driver has to continuously apply a 
steering torque when traveling straight ahead. By 
changing the wheel contact forces^ the steering torque is 
reduced or eliminated. An additional steering angle 
sensor permits easier detection of the straight -ahead 
travel. In conjunction with a device for determining the 
profile of the roadway, signals of the steering angle 
sensor can also be used for checking the plausibility of 
the direction of travel. 

^ — a — further — refinement — — the — invention, — fefee The wheel 
contact forces (F11-F14) [ [are] ] can be set by means — e# 
actuating elements which change the prestressing of a 
helical spring or of an air spring or of a hydraulic 



spring. The wheel contact forces can be set by varying 
the prestress of the spring. 



In a further refinement another embodiment of the 

invention, the wheel contact forces (F11-F14) are set by 
means of actuating elements which change the prestressing 
of a stabilizer. The system utilizes the already existing 
stabilizer and is thus cost-effective to perform. 

In Q — further — refinement — — the — invention, — the The toe-in 
angle and the associated slip angle a at a front axle 
and/or a rear axle [ [are] ] can be changed as required by 
means — e# an adjustment element. The level of the yaw 
moment which can be generated by changing the wheel 
contact forces is dependent on the toe-in angles which 
are set. Since a permanently set large toe-in angle 
causes a high level of wear of the tires and high fuel 
consumption, an adjustment element is provided which 
increases the toe-in angle only when required. This 
adjustment element is arranged, for example, in track 
rods of the front axle and/or rear axle. The level of the 
yaw moment which is necessary to correct the direction of 
travel is thus advantageously increased. 

In a further — refinement still further embodiment of the 
invention, a desired yaw rate is determined from at least 
one of the sensed values such as wheel speed differences, 
steering wheel angle and/or steering torque instead of 
from information from the device for determining the 
profile of the roadway. An interference from side wind or 
a laterally inclined roadway can be detected by means — e# 
a wheel speed difference which occurs when the steering 
angle is unchanged. A desired yaw rate which is necessary 
for compensating the deviation of the vehicle from a 
desired direction of travel, for example due to a gust of 
side wind, is determined from a model -based calculation 
or a characteristic diagram. The wheel contact forces are 



changed by actuating the actuating elements as a function 
of the desired yaw rate. Taking into account the steering 
torque permits the driver interventions to be taken into 
account and avoids overcompensation of interference. 

Further fcaturca and feature combinationo — rcoult — from the 

doocription and fehe drawings . Specific exemplary 

embodiments ef the invention aa?e illustrated iii a 

simplified form in the drawings. 

Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is [ [an] ] a schematic illustration of a vehicle 
model with an actively controllable spring damper system, 

figure Figure 2 is a schematic plan view of the vehicle 
with side forces represented, 

figure Figure 3 is a qualitative — illustration — e# graph 
showing the relationship between the side force and slip 
angle for a predefined wheel contact force, and 

figure Figure 4 is an illustration of necessary variables 
for detection of course holding. 



DETAILED DESCRIPTION OF THE DRAWINGS 



Identical components and physical variables are 
designated by the same reference numbers in figures 
Figures 1 -4 . 

Figure 1 is a schematic [ [view] ] illustration of a motor 
vehicle which has an active chassis system. The 
connection between the wheels 1, 2, 3, 4 and the vehicle 
body 5 is formed in each case by means — an actively 
controllable support assembly designated generally by 
numeral 6 which is embodied as a spring damper system. 
The spring damper system 6 has a spring 8 which — is 
embodied such as , for example, [[as]] a steel spring or 
an air spring, a damper 7 and a hydraulically 
controllable actuating element 9. The spring damper 
system 6 is arranged between the vehicle body 5 and a 
part which can move in relation to the body 5, such as, 
for example, a wheel carrier or a connecting rod. The 
damper 7 is connected in parallel with a series 
connection of the spring 8 and actuating element 9. By 

actuating the actuating element 9 -it i-s — poaoiblc — feo 

changQ the force of the spring 8 can be changed . A known 
type of pump (not illustrated) which is driven by the 
vehicle engine serves as hydraulic pressure source. The 
pressure actuation of the actuating elements 9 is 
provided by means — e# a valve unit which is in turn 
connected to a control unit 12. Furthermore, the control 
unit 12 is connected to displacement sensors which 
represent the respective excursion position of the wheels 
1, 2, 3, 4 in relation the vehicle body 5. 

[ [Owing] ] Due to the gravitational force S of the vehicle 
body, a wheel contact force Fii_o, Fi2_o# Fi3_o/ Fi4_o acts on 
each wheel 1, 2, 3, 4. The wheel contact forces Fii_o-Fi4_o 
are increased or reduced to a value Fn - F14 by actuating 
the actuating element 9. 



The wheels 1-4 of the vehicle illustrated in figure 
Figure 2 have a positive toe-in angle. If the wheel 
contact forces Fn o - Fi4_o of the wheels 1-4 of an axle 
are of equal size, the side forces Fsv/ Fsh which are 
generated owing to the occurrence of a slip angle a at 
the wheels 1-4 of an axle are equally large. The 
resulting side force is therefore zero and the vehicle 
travels straight ahead. The active chassis system then 
provides the poaoibility ability of setting different 
wheel contact forces Fn - F14. The wheel contact forces 
Fii - Fi4 can thus advantageously be set in such a way that 
a yaw moment Mz acts on the vehicle. In order to avoid 
worsening the driver's comfort, the wheel contact forces 
Fii - Fi4 can be varied in such a way that the vehicle body 
5 does not move . 

In the vehicle illustrated in figure Figure 2, the 
idealized position S of the center of gravity is located 
centrally between the front and rear axles and centrally 
between the left-hand wheels 1, 3 and right-hand wheels 
2, 4. The idealized position of the center of the gravity 
is based on the functional description of the method, and 
the method can of course also be applied with any other 
position of the center of gravity. In this context, for 
example^ the contact force Fn o at the wheel 1 and the 
contact force F14 0 at the wheel 4 are increased by a 
predeterminable absolute value AF^ and the contact force 
Fi3_o of the wheel 3 and the contact force Fi2_o of the 
wheel 2 are simultaneously reduced by the same absolute 
value AF. 

The effective wheel contact forces F11-F14 in figure Figure 
1 are then: 
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These different wheel contact forces Fn - F14 cause the 
vehicle to carry out a yaw movement and a lateral 
movement when it moves in the direction of travel 10 
[[owing]] due to a change in the lateral force. 
Owing — feo Because of a permanently set toe-in angle and 
the movement of the vehicle in the travel direction e# 
travel 10, each wheel has a slip angle a which 
determines, as a function of the respective wheel contact 
force Fii - F14 a side force Fs which acts on the wheel 1- 
4, see — figure as illustrated in Figure 3. In this 
context, viewed in the travel direction — travel 10_^ the 
right-hand wheels 2, 4 have a positive slip angle a, and 
the left-hand wheels 1, 3 have a negative slip angle -a. 
In the diagram in figure Figure 3, the side forces Fs 
which act on a wheel are plotted qualitatively for 
various wheel contact forces, i.e._j_ for 5000N, 6000N, 
7000N, as a function of the slip angle a. 

[ [This] ] Figure 3 is a qualitative illustration which 
serves to explain the method of the present invention . 
From — the — illuatration — a^fe — is — apparent — that — when When the 
wheel contact forces Fn - F14 are of equal size_j_ the sum 
of the side forces Fs acting on an axle is zero owing to 
the symmetrical profile of the curve. For example, in the 
case of a wheel contact force Fn, F12 of, respectively, 
6000N at the wheels 1, 2 of the front axle the side force 
Fsi at the left-hand wheel 1 is of equal magnitude in 
absolute terms when there is a slip angle -a to Fs2 at the 
right-hand wheel 2 with the slip angle a, the directions 
of force being opposed. For this case, the following 
applies for the resulting force Fresv at the front axle: 

FresV = "Fsi + Fs2 = 0 . 

According to the above equations, the forces on the 
system are matched in such a way that when the vehicle 
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moves in the travel direction e€ — travel — 1-0, side forces 
from which a yaw moment Mz results act on the wheels 1, 1, 
3 , 4 . The exemplary change in the wheel contact forces 
Fii - Fi4 which is explained below as an example generates 
a right-hand rotating yaw moment Mz . 

According to figure Figures 1 and figure 3 , the wheel 
contact force Fii_o of the left-hand wheel is increased by 
a value AF = lOOON from 6000N to 7000N at the front axle, 
as a result of which the side force Fsi rises in absolute 
terms by the value AFSi, as illustrated in f igureo 
Figures 2 and 3. At the right-hand wheel 2, the wheel 
contact force Fi2_o is reduced by the same absolute value 
AF from 6000N to 5000N so that the side force Fs2 drops by 
the value AFS2. As a result, according — te — figure as seen 
in Figure 2 a resulting side force which is directed 
counter to the direction of the y axis acts at the front 
axle -, i.e., 

Fresv = -Fsi - AFsi + Fs2 - AFs2/ where when Fsi = Fs2 

Fresv = -AFSi - AFS2- 

According to the above equations, the wheel contact force 
Fi3_o of the left-hand wheel 3 is lowered by the value 
AF = lOOON at the rear axle, and the wheel contact force 
Fi4 0 of the right-hand wheel is increased by the value 
AF = lOOON. 

Corresponding to a diagram of the slip angle/side force 
which is analogous to figure Figure 3 and is associated 
with the wheel contact forces Fi3_o and Fi4_o, the side 
force Fs3 at the left-hand wheel 3 now drops by the value 
AFsa, and at the right-hand wheel 4 the side force Fs4 
rises by the value AFS4, the resulting side force at the 
rear axle then being 

FresH = -Fs3 + AFS3 + Fs4 + AFS4, where when Fs3 = Fs4 

FresH = AFS3 + AFS4 
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As a result, resulting side force Fj-esH - AFS3 + AFS4, 
which counteracts the force at the front axle, acts on 
the rear axle. In the case of an identical axle load at 
the front and rear axles, the side forces Fresv and FresH 
have an equally large value. 

The side forces Fresv^ [ [and] ] FresH generate a right-hand 
rotating yaw moment Mz. In order to build up a left-hand 
rotating yaw moment, an increase in the wheel contact 
forces Fii - F14 occurs at the front right-hand and rear 
left-hand wheels 2, 3, and a decrease in the wheel 
contact forces Fn - F14 occurs at the front left-hand and 
rear right-hand wheels 1, 4. The yaw moment Mz can be used 
to influence the direction of travel of the vehicle. The 
vehicle can be made to carry out a lateral movement and 
yawing movement by [[means]] way of the yaw moment. This 
lateral movement of the vehicle can then be used, for 
example, to hold the vehicle's course without the driver 
having to perform a steering movement . 

Information which is necessary for the vehicle to hold 
its course is sensed using a — mcano for detecting the 
surroundings, i.e.^ a device for detecting the profile of 
the roadway such as, for example, an optical camera. The 
optical camera is used to detect the edge lanes of a 
roadway by means of differences in brightness. In order 
to detect the course, as well as the information 
according to figure Figure information about the 

current travel state such as velocity, yaw rate and 
steering wheel angle is also necessary and is combined 
with the image information in a course-holding detection 
[[means]] apparatus . The course -holding detection — mcano 
detector supplies the following information to a course- 
holding controller : 

distance s of the center of gravity 11 of the 
vehicle to the center line of the roadway. 
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a yaw angle ^ which is determined by the angle 
between the longitudinal axis of the vehicle and 
the tangent to the roadway, and 

the curvature k of the roadway, i.e._^ a change in 
speed of the curve angle a with the arc length b. 

This information is used by the course-holding controller 
to determine a desired yaw rate which is necessary to 
guide the vehicle, for example along a center line of the 
roadway . 

Associated wheel contact forces Fn - F14 which are set by 
mcano of the actuating elements 9 are determined by mcano 
e# the specific desired yaw rate. The wheel contact 
forces Fii -F14 can be determined, for example, by mcano of 
characteristic curves, model -based calculations or by 
means of a yaw rate controller. 

The course-holding detection means detector , course- 
holding controller and the actuation device for the 
actuating elements are preferably arranged in a control 
unit . 

With this method -a^fe — is pooaiblc to guide a vehicle can be 
guided along a desired course such as, for example, the 
center of the roadway. 

To the same extent, the optical camera can also detect 
obstacles on the desired course so that a change of 
course can be initiated by changing the wheel contact 
forces Fii - F14 in order to avoid the obstacle. The change 
in the direction of travel is advantageously carried out 
[ [in] ] such [ [a way] ] that a driver does not feel any 
disruptive reaction torques at the steering wheel. 

The desired course can also be defined as the direction 
of travel request set by the driver. The travel direction 
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— travel request is defined by the driver by mcano — e# 
the steering wheel angle and/or the steering wheel 
torque. A deviation from the desired direction of travel 
owing to the influence of interference such as, for 
example, side wind or an unevenness in the roadway, is 
detected by mcano — e# the optical camera and conditioned 
in the course-holding detection mcano detector . 

As already described, the conditioned data is transmitted 
to the course-holding controller which determines a 
desired yaw rate. In addition, reconciliation can be 
carried out with a desired yaw rate which can be 
determined from wheel speed differences and steering 
wheel angles. The calculated desired yaw rate is 
necessary to hold the vehicle on the virtual desired 
course defined by mcano of the travel direction of travel 
request- In turn, the wheel contact forces Fn - F14 to be 
set at the actuating elements 9 are determined from the 
desired yaw rate. 

In one modified embodiment, a side force is produced only 
at one axle. If, for example, a vehicle has a toe-in only 
at the front axle, the direction of the vehicle can be 
corrected by changing the wheel contact forces Fn, F12. 

In a further embodiment, asymmetrical changes in the 
wheel contact forces Fn - F14, i.e._^ with a AF of a 
different level, can furthermore be applied at the wheels 
1, 2, 3, 4 when body movements are tolerated. Likewise, 
targeted body movements, which improve, for example, a 
driving impression when making a travel correction by 
changing the wheel contact forces can also be realized. 
When the positions S of the center of gravity are off 
center and deviate from those shown in figure Figure 2, 
it is necessary, if appropriate, to accept body movements 
if they cannot be compensated by an asymmetrical change 
in the wheel contact forces . 
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In a further, modified embodiment (not illustrated) a 
device is provided — which contemplates with the scope of 
this invention and temporarily increases the toe-in of 
the wheels 1, 2, 2, 4 in order to achieve the necessary 
desired yaw moment. The maximum achievable yaw moment Mz 
rises as the toe-angle increases. In order to avoid an 
increase in the rolling resistance and tire wear which is 
associated with a rising toe-in, the toe-in angle is 
increased only if such an increase is necessary to 
produce a requested desired yaw moment. With this device 
irfe — 2rS — poosiblc — fero — Set either a negative or a positive 
toe-in angle can be set at each axle depending on 
requirements . 

In a — modified another unillustrated embodiment (not 
illuatratod) , the vehicle has actuating elements 9 in the 
form of servomotors or cylinders with which rolling 
stabilizers can be prestressed. As a result the wheel 
contact forces Fn - F14 can be varied in such a way that a 
yaw moment Mz is produced. 

The foregoing disclosure has been set forth merely to 
illustrate the invention and is not intended to be 
limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of the 
invention may occur to persons skilled in the art, the 
invention should be construed to include everything 
within the scope of the appended claims and equivalents 
thereof . 
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Liot of rofcrcnoo numcralo 



i Front , — left hand wheel 

3 Front , — right hand wheel 

3 Rear, — left hand wheel 

4 Rear, — right hand wheel 

5 Vehicle body 

€ Spring/ damper oyatem, — oupport asGembly 

^ Damper 

« Spring 

-9 Actuating element 

^ Direction of — travel 

i-1 Center of gravity 

i5 Control unit 
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